INTRODUCTION
The 'conventional' caries detecting liquid was first introduced by Fusayama and Terashima, which was composed of 1％ by weight of basic fuchsin in propylene glycol and of which the molecular weight was approximately 76.1 1) .
In their study, this solution selectively stained the outer layer of carious dentin. This is the region that should be removed since it contains irreversibly damaged collagen fibers which are unable to undergo recalcification 2, 3) . Conversely, it is desirable to conserve the inner layer of carious dentin since this region has potential for recalcification with appropriate treatment 4, 5) . However, it has been reported that caries detection using the conventional caries detecting liquid has resulted in overtreatment 6, 7) .
To overcome the aforementioned, inadvertent overtreatment, we conceived the idea of using a thicker caries detecting liquid -to the end that it would not penetrate the inner layer of carious dentin. In the course of bringing this idea to fruition, we found that when a caries detecting fluid with a molecular weight of 300 reached the outer layer, it did not penetrate the inner layer.
Upon further verification and confirmation by SEM and Vicker's hardness test results, this idea was finally presented at a conference in 2004 8) . Laser-induced fluorescence on tooth surface has also been used experimentally for caries detection. Lasers of various wavelengths have been tested and their reproducibility assessed [9] [10] [11] .
Following the footsteps of these pioneering researches, DIAGNOdent (12 × 15 × 9 cm) was introduced in 1999. It is a laser-based caries detection device which uses a semiconductor laser of less than 1 mW output power. It emits a beam of 655 nm wavelength from the tip of the laser handpiece, whereby fluorescence reflected from the tooth surface will be captured at the same tip. The score ranges from 00 to 99 -the smaller the healthier, and diagnosis can be performed immediately without damage to the tooth and with minimally invasive treatment to the patient. Accuracy of this device has been compared with that of radiography 12) , and its measurement results on occlusal and approximal caries have been shown to be acceptable 13, 14) . DIAGNOdent has been reported to be useful not only in locating initial caries, but also in assessing the need for residual carious dentin removal. The score (e.g., D-20 or D-21) depends on the amount of metabolic by-products of cariescausing bacteria and fluorescent protoporphyrin present 15) , and the color of carious dentin 16) . In view of this diversified range of determining factors on carious dentin removal, some researchers have tried to establish a reliable set of excavation criteria for DIAGNOdent [17] [18] [19] . Eventually, the criteria for caries detection and subsequent treatment options suggested by Lussi et al. are considered as the gold standard 20) . Based on their criteria, scores below D-13 would indicate that no active treatment is required; scores between D-14 to 20 would indicate preventive care and observation is required, since recalcification is feasible; scores between D-21 to 29 would indicate that preventive and operative care is required; and scores over D-29 indicate that caries removal is required.
At this juncture, it should be highlighted that some researchers expressed the view that DIAGNOdent measurement was not so dependable because of its low rate of reproducibility in their experiments [21] [22] [23] . To these feedback comments, we pointed out the limited nature of the recommended technique by the product maker 24) . We then introduced an improved measurement technique by demonstrating the results of an experiment using a video tape, which showed a much better reproducibility rate than the former technique 24) . Essentially, the main concept behind our technique was to eliminate unnecessary accumulation of photon reflected from the surrounding surface of an examined point. As such, we proposed that different measurement techniques should be employed for clinical use and research use. This is because the purpose of the latter is not to determine the degree of caries severity in the lesion area. Our proposed technique was based on the supposition that this device could detect the discrepancy in photon amount between two closely neighboring points on a surface. It was reported that the average free path of a light photon was of the order of 0.5 mm in healthy tooth substance, while it traveled sideward for about 0.1 mm in carious tooth substance 25 26) . In light of these data, we adopted the 0.5-mm sideward movement in our new measurement method.
The purpose of the present study was to confirm that our experimental caries detecting liquid did not dye the dentin which has potential to be recalcified. To this end, an optical examination using DIAGNOdent was carried out. By evaluating the light intensity of fluorescence reflected from treated dentin surface, it could serve to validate or disprove the potential use of this experimental caries detector.
MATERIALS AND METHODS

Experimental caries detecting liquid
For the experimental caries detecting liquid, it was composed of polypropylene glycol (with an average molecular weight of 300) and a red dye (Fig. 1) . The preparation procedure for this experimental caries detecting liquid (as described below) was carried out with the assistance of a chemical company (Nippon Shika Yakuhin, Shimonoseki, Japan).
Triol-type polypropylene glycol, with an average molecular weight of 300 (Wako Junyaku Kogyo, Osaka), and Food Red No. 106 (Tokyo Kasei Kogyo, Tokyo) were stirred using an electric stirrer in a ratio of 99 by weight to 1 respectively. The mixture was passed through a filter to eliminate dust.
With this formulation, the coefficient of viscosity was almost the same as that of the conventional caries detector.
Sample selection and assessment by semiconductor laser device Fifty-two freshly extracted human teeth with dentin caries (degree C2, not reaching pulp chamber, including both acute and chronic caries) were used in this study. Written informed consent was obtained from each individual for use of his/her extracted tooth.
Tooth samples were kept in saline to minimize chemical artifacts manifested in fluorescence reflected from tooth substance, as well as to avoid crack formation on surface.
Caries lesions at various locations, of different depths and colors, were chosen from the 52 tooth samples. In each case, one drop of the experimental caries liquid was applied to the cavity for 10 seconds, rinsed off with a water spray attached to a treatment chair for five seconds, and the cavity dried by an air spray. Stained dentin was then completely removed using a round steel bur (ISO No. 6, diameter: 2 mm) in a slow-speed handpiece (100,000 rpm), with water spray as coolant.
After removing the stained tooth substance, DIAGNOdent (KaVo Dental GmbH, Jena, Germany) (Fig. 2 ) was used to evaluate the level of residual caries. The mean of five measurements was recorded as its D-score. The staining and cutting of dentin, as well as DIAGNOdent measurement, were repeated until the cavity wall was no longer stained. After assuming complete removal of carious dentin by the experimental detecting liquid, a commercially available caries detecting liquid (Caries Detector, Kuraray, Okayama, Japan) was applied in the same cavity.
Newly stained dentin was removed in the same way. The D-score obtained using the conventional caries detector was likewise recorded. DIAGNOdent measurements were carried out using the improved technique introduced in our previous report 24) . A tapered fiber optic tip (Tip A) of the handpiece was slowly lowered, as vertically as possible, to a location 0.5 mm over the red light- irradiated surface. Then, it was quickly moved to right or left side by about 0.5 mm. After which, it was instantly withdrawn upward from the irradiated surface.
The maximum of digitally displayed numbers was recorded as the D-score for the examined point.
This improved technique was different in that the tip was neither tilted nor moved on the lesion surface for a few seconds.
Statistical analysis
The mean D-score of sound human dentin based on measurements of 13 caries-free human teeth was used as a control. These three groups of D-scores were analyzed statistically using Kruskal-Wallis one-way analysis.
RESULTS
After removing the dentin stained by the experimental caries detector, all the cavity walls could still be stained by the conventional caries detector (Fig. 3) . In other words, the dye of the conventional one would penetrate deeper into all the samples.
The D-score of sound dentin was 5.3 0.6. As for carious dentin treated with experimental liquid, the D-score was 17.9 4.1, whereas that of carious dentin treated with conventional liquid was 7.7 2.7 (Table 1) . Based on Kruskal-Wallis one-way analysis of variance, there were significant differences among the three groups (p<0.005).
DISCUSSION
Some researchers have reported that the conventional caries detecting liquid leads to excessive treatment 27) . This can be explained by the propensity of this type of dye agent to dye demineralized collagen and organic matrices rather than bacteria 28) . Another researcher showed that within the carious dentin zone, a part of which was called sclerotic dentin, which was a little porous but uninfected 29) . This would mean that this inner layer of carious dentin is easily dyed by an agent of low molecular weight, although this tooth substance can be conserved when minimal intervention is intended.
With regard to dentin bonding, some researchers insisted that the presence of sclerotic dentin resulted in reduced bond strength [30] [31] [32] . However, we found that especially in sclerotic dentin, priming with 35 vol glyceryl monomethacrylate solution decreased the width of contraction gaps, if not even completely prevented the formation of contraction gaps 33) . In light of this finding, the sclerotic dentin layer in inner carious dentin should be conserved not only for minimal intervention, but also for better adhesion 34) . With reference to the excavation criteria currently supported and endorsed by the majority of DIAGNOdent researchers, D-scores below 13 indicate intact, healthy dentin or enamel; D-scores 14 to 20 indicate pseudo-carious dentin which can be recalcified; D-scores 21 to 29 indicate carious dentin which has no possibility to be recalcified; and Dscores above 29 to 99 indicate severely infected dentin. In the current study, the D-score after removing dentin stained by the conventional caries detecting liquid was D-7.7, suggesting that very sound dentin was exposed in cavity wall. In other words, sclerotic dentin had been completely removed. Such overcutting of dentin in this group was caused by the high penetration of the dye. In contrast, the D-score after removing dentin stained by the experimental caries detecting liquid was D-17.9, suggesting that this surface was composed of some intermediate substance between carious dentin and intact dentin.
Based on DIAGNOdent criteria, such a D-score was amenable to recalcification. Thus, it would not be irrational to suppose that this surface may exist in sclerotic dentin or pseudo-carious dentin.
Based on the D-score results obtained in this study, it could be said that by means of a caries detector with a higher molecular weight, even more improved minimal intervention approaches for managing dental caries could now be realized.
CONCLUSION
The new, experimental caries detecting agent was composed of polypropylene glycol with an average molecular weight of 300 whereby this molecular weight was much higher than that of the conventional caries detector.
An optical evaluation of fluorescent light reflected from treated dentin surface confirmed that this new caries detecting agent might be useful in conserving dentin that can be recalcified. On the other hand, the conventional caries detector tended to result in overcutting of intact, healthy cavity wall dentin.
